INTRODUCTION
============

Cardiovascular disease is one of the leading causes of premature death in Japan, as well as other countries worldwide.^[@r01],[@r02]^ The number of deaths due to cardiovascular disease are expected to increase because of the rapid aging of the Japanese society. Therefore, the effective prevention of cardiovascular diseases requires a strategy based on updated knowledge of cardiovascular risk factors in Japan.

Socioeconomic status (SES), which is influenced by factors such as education, income, marital status, living status, and employment status, is associated with risk of cardiovascular disease^[@r03],[@r04]^ or premature death.^[@r05]^ Previous studies reported that individuals with low SES were more likely to adopt unhealthy behaviors^[@r06]--[@r08]^ and, consequently, be more likely to have cardiovascular risk factors.^[@r09],[@r10]^ The mechanisms underlying the relationship between low SES and unhealthy lifestyles involve a poor family environment^[@r11],[@r12]^ and chronic stress,^[@r13],[@r14]^ while ignorance of cardiovascular risk factors may also play a role in the selection of unhealthy behaviors. To the best of our knowledge, the relationship between SES and knowledge on cardiovascular risk factors has not yet been examined. Therefore, the aim of the present study was to investigate the relationship between SES and knowledge on cardiovascular risk factors in a representative Japanese general population.

METHODS
=======

Study population
----------------

A prospective cohort study on cardiovascular diseases, the National Integrated Project for Prospective Observation of Non-communicable Disease and its Trends in the Aged 2010 (NIPPON DATA2010), was established in 2010. The study was performed among participants of the National Health and Nutrition Survey of Japan in November 2010 (NHNS2010) and Comprehensive Survey of Living Conditions in June 2010 (CSLC2010), which were conducted by the Ministry of Health, Labour and Welfare of Japan. The details of NHNS2010 and CSLC2010 have been described elsewhere.^[@r15]--[@r19]^

In November 2010, 8,815 residents aged 1 year and older from 300 randomly selected districts throughout Japan participated in the dietary survey of NHNS2010. Among 7,229 participants aged ≥20 years, 3,873 had a blood test in NHNS2010, and 2,898 agreed to participate in the baseline survey of NIPPON DATA2010, which also included an electrocardiographic analysis, urinalysis, and a questionnaire on cardiovascular diseases. Trained interviewers obtained informed consent before subject enrollment. The Institutional Review Board of Shiga University of Medical Science (No. 22--29, 2010) approved this study.

This study was a cross-sectional analysis using the baseline survey of NIPPON DATA2010. Of the 2,898 participants, 91 were excluded because it was not possible to merge data from NHNS2010 or CSLC2010 with NIPPON DATA2010 baseline data; 155 with a history of stroke or myocardial infarction were excluded; and 185 with missing data on the employment status, length of education, marital status, living status, or equivalent household expenditure (EHE) were excluded. The remaining 2,467 participants (1,438 women and 1,029 men) were included in the present study.

Outcomes
--------

Information on knowledge of cardiovascular risk factors was collected using a questionnaire and confirmed by trained interviewers. The participants answered the question 'Please select all risk factors of stroke or myocardial infarction', and 6 correct answers were hypertension, diabetes, hypercholesterolemia, low high-density lipoprotein (HDL) cholesterol, arrhythmia, and smoking. Ignorance of each risk factor was used as a binary outcome. Insufficient knowledge of overall cardiovascular risk factors was defined as the number of correct answers of less than 4. The number of correct answers and that weighted by the accuracy rate of each cardiovascular risk factor was also used in sensitivity analyses.

SES
---

Information on SES was collected from self-administered questionnaires for NHNS2010 (employment status and annual household income), CSLC2010 (the monthly EHE of 2010 May, month before CSLC2010, and number of household members), and NIPPON DATA2010 (length of education and marital status). EHE was calculated as household expenditure divided by the square root of the number of family members. SES was defined as follows: (i) employment status (employed \[including self-employed workers and managers\] or unemployed), (ii) length of education (≥13, 10--12, or \<10 years), (iii) marital status (ever married \[including divorced and widowed\] or never married), (iv) living status (living together or living alone), and (v) EHE (upper four quintiles or lowest quintile). Annual household income was also obtained from a self-administered questionnaire for NHNS2010 (\<2,000,000 JPY, ≥2,000,000 JPY).

Other risk factors
------------------

Blood pressure (BP) was measured twice with an interval of at least 1 minute, after a minimum of 5 minutes of rest in a seated position using a standard mercury sphygmomanometer with an appropriately-sized cuff on the right arm for NHNS2010. The mean of the two measurements was used in the present study. Casual blood samples were obtained for NHNS2010. If a blood sample was taken after ≥8 hours of fasting, it was defined as a fasting blood sample. Serum was separated and centrifuged soon after blood coagulation. Plasma samples were collected into siliconized tubes containing sodium fluoride and shipped to a central laboratory (SRL, Tokyo, Japan) for analysis. Plasma glucose was measured using the hexokinase UV method, and hemoglobin A1c (HbA1c) using the latex agglutination inhibition assay according to the standardized method of the Japan Diabetes Society (JDS). In the present study, the HbA1c value was converted into the National Glycohemoglobin Standardization Program (NGSP) value using the following formula:$$\text{HbA1c}(\text{NGSP})(\%)\text{=1}.\text{02} \times \text{HbA1c}(\text{JDS})(\%)\text{+0}.\text{25}.$$

Total cholesterol (TC) was measured using enzymatic methods, and standardized by the Center for Disease Control and Prevention/United States Collaborating Center for Reference Method Laboratory Network Research in Blood Lipids.

Public health nurses collected information on smoking (current, ex, or never), alcohol consumption (amount and frequency), and regular exercise (≥30 minutes for ≥2 days a week for more than 1 year) using a standardized questionnaire in NHNS2010. Participants were asked for the usual number of days of the consumption of alcohol beverages per week and the usual amount per day expressed in "go-equivalent" (Japanese unit of alcohol, with 1 go of sake equivalent to 22.1 g of alcohol). Alcohol consumption (g/week) was calculated as the frequency of alcohol intake per week multiplied by the amount of alcohol per day. The height and weight of participants (without shoes) were measured, and body mass index (BMI) was calculated as the ratio of weight (kg) to the square of the height (m).

Participants were classified as hypertensive if they met one of the following criteria^[@r16]^: (i) a systolic BP of ≥140 mm Hg, a diastolic BP of ≥90 mm Hg and (ii) the use of antihypertensive medication. Diabetes mellitus was defined as one of the following criteria^[@r16],[@r20]^: (i) fasting plasma glucose level of ≥126 mg/dL; (ii) non-fasting plasma glucose level of ≥200 mg/dL; (iii) HbA1c ≥6.5%; and (iv) use of antidiabetic medications. Hypercholesterolemia was also defined as one of the following^[@r16],[@r21]^: (i) TC ≥220 mg/dL and/or (ii) use of lipid-lowering medication. Low HDL cholesterol was defined as participants with HDL cholesterol \<40 mg/dL.^[@r22]^

Statistical analysis
--------------------

The characteristics of study participants are presented as mean and standard deviation (SD) for continuous variables and as a number and percentage for categorical variables. The relationships among SES and ignorance of each cardiovascular risk factor (hypertension, diabetes mellitus, hypercholesterolemia, low HDL cholesterol, arrhythmia, and smoking) or insufficient knowledge on overall cardiovascular risk factors were assessed using an age- and sex-adjusted logistic regression model. The relationships among SES and the number of correct answers or that weighted by the accuracy rate of each cardiovascular risk factor were assessed using an analysis of covariance (ANCOVA) that included age and sex as covariates. In sensitivity analyses, further adjustments for regular exercise, smoking, alcohol consumption (g/week), and BMI (model 2), as well as with/without hypertension, diabetes mellitus, hypercholesterolemia, and low HDL cholesterol (model 3) were conducted for the outcomes of insufficient knowledge on cardiovascular risk factors and the number of correct answers. The type of house (owned or rented) was obtained from the questionnaire for CSLC2010 and was used as a covariate in analyses of EHE only because expenditure included household rent, but not a mortgage. Differences in the relationships among SES and insufficient knowledge on cardiovascular risk factors or the number of correct answers between subgroups defined by age, sex, and the presence of risk factors (none or having any of hypertension, diabetes, hypercholesterolemia, low HDL cholesterol, or smoking) were assessed by adding interaction terms to the statistical models. *P* \< 0.05 was considered to be significant. All statistical analyses were performed using SAS version 9.4 for Windows (SAS Institute Inc., Cary, NC, USA).

RESULTS
=======

Participant characteristics
---------------------------

The characteristics of participants in the present study are shown in Table [1](#tbl01){ref-type="table"}. Among 2,467 participants, the mean age was 58.3 years and 1,438 (58.3%) were female. The characteristics of participants by SES are shown in [eTable 1](#sm01){ref-type="supplementary-material"}. Unemployed participants were older than those who were employed (mean age 65.4 vs 51.8 years), participants with a shorter education were older (\<10 years: 68.9 years, 10--12 years: 58.7 years, and ≥13 years: 50.0 years), participants who had ever married were older than those who had never married (60.2 vs 38.8 years), and participants living alone were older than those living together (65.7 vs 57.4 years).

###### Characteristics of study participants: NIPPON DATA2010

  ---------------------------------------------------------------------
                                    All participants\     
                                    (*N* = 2,467)         
  --------------------------------- --------------------- -------------
  Age, years                        58.3 (15.7)           

  Sex, women, *n*                   1,438 (58.3%)         

  Regular exercise,^a^ *n*          831 (33.8%)           

  Smoking                           Current smoker, *n*   381 (15.5%)

                                    Ex-smoker, *n*        460 (18.7%)

  Alcohol consumption, g/week       72.1 (133.7)          

  Body mass index, kg/m^2^          23.1 (3.4)            

  Systolic blood pressure, mm Hg    132.1 (19.4)          

  Diastolic blood pressure, mm Hg   79.4 (11.1)           

  HbA1c (NGSP), %                   5.8 (0.8)             

  Total cholesterol, mg/dL          206.3 (35.1)          

  HDL cholesterol, mg/dL            62.6 (16.0)           

  Hypertension,^b^ *n*              1,158 (46.9%)         

  Diabetes mellitus,^c^ *n*         254 (10.3%)           

  Hypercholesterolemia,^d^ *n*      1,030 (41.8%)         

  Low HDL cholesterol,^e^ *n*       181 (7.3%)            
  ---------------------------------------------------------------------

HDL, high-density lipoprotein; NGSP, National Glycohemoglobin Standardization Program; NIPPON DATA2010, the National Integrated Project for Prospective Observation of Non-communicable Disease and its Trends in the Aged 2010.

Data is shown as mean (standard deviation \[SD\]) or *n* (%).

^a^Defined as participants who engaged in exercise of ≥30 minutes for ≥2 days a week for more than one year.

^b^Defined as participants who meet one of the following criteria: (i) Systolic blood pressure/diastolic blood pressure of ≥140 mm Hg/≥90 mm Hg; (ii) Antihypertensive medication.

^c^Defined as participants who meet one of the following criteria: (i) Fasting plasma glucose level of ≥126 mg/dL; (ii) Non-fasting plasma glucose level of ≥200 mg/dL; (iii) Hemoglobin A1c ≥6.5%; (iv) Antidiabetic medication.

^d^Defined as participants who meet one of the following criteria: (i) Total cholesterol ≥220 mg/dL; (ii) Lipid-lowering medication.

^e^Defined as participants who meet the following criterion: (i) High-density lipoprotein cholesterol \<40 mg/dL.

Ignorance of each cardiovascular risk factor
--------------------------------------------

Accuracy rates were 86.5% for hypertension, 45.4% for diabetes mellitus, 73.6% for hypercholesterolemia, 38.3% for low HDL cholesterol, 19.5% for arrhythmia, and 58.4% for smoking. Table [2](#tbl02){ref-type="table"} and [eTable 2](#sm01){ref-type="supplementary-material"} show the frequency and age- and sex-adjusted odds ratios (OR) for ignorance of each cardiovascular risk factor by SES. A shorter education (\<10 years) was associated with a higher risk of ignorance of hypertension as a cardiovascular risk factor (17.4%) than an education of ≥13 years (17.4% vs 10.3%; adjusted OR 1.63; 95% confidence interval (CI), 1.15--1.75). Significant differences were also observed in ignorance of other cardiovascular risk factors, except for diabetes (adjusted OR \[\<10 years vs ≥13 years\] 2.45; 95% CI, 1.86--3.22 for insufficient knowledge of hypercholesterolemia; adjusted OR 1.49; 95% CI, 1.16--1.91 for that of low HDL cholesterol; adjusted OR 1.52; 95% CI, 1.19--1.94 for that of arrhythmia, and adjusted OR 1.71; 95% CI, 1.34--2.19 for that of smoking). The lowest quintile group of EHE had more insufficient knowledge of hypertension (17.2% vs 12.6%; adjusted OR 1.43; 95% CI, 1.09--1.87) and that of arrhythmia (55.3% vs 49.3%; adjusted OR 1.31; 95% CI, 1.07--1.60) than the upper four quintile groups. In a sensitivity analysis with the further exclusion of participants with angina pectoris, similar results were observed for the ignorance of each risk factor. There were no marked differences in the relationships between SES and insufficient knowledge on each cardiovascular risk factor between men and women, except for that between EHE and ignorance of smoking (*P* = 0.04 for the interaction).

###### Frequency and age- and sex-adjusted odds ratios for insufficient knowledge on each cardiovascular risk factor: NIPPON DATA2010

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                               Hypertension          Diabetes mellitus                            Hypercholesterolemia                                                                                               
  -------------------------------------------- --------------------- -------------------------------------------- ---------------------- -------------------------------------------- ---------- -------------- ----------- -------- --------------
  Employment status                                                                                                                                                                                                                   

   Employed                                    165/1,293             (12.8)                                       Reference              721/1,293                                    (55.8)     Reference      315/1,293   (24.4)   Reference

   Unemployed                                  167/1,174             (14.2)                                       1.00\                  627/1,174                                    (53.4)     0.94\          336/1,174   (28.6)   1.00\
                                                                                                                  (0.77--1.31)                                                                   (0.78--1.13)                        (0.81--1.23)

  Length of education                                                                                                                                                                                                                 

   ≥13 years                                   82/797                (10.3)                                       Reference              434/797                                      (54.5)     Reference      143/797     (17.9)   Reference

   10--12 years                                149/1,090             (13.7)                                       1.31\                  586/1,090                                    (53.8)     1.03\          288/1,090   (26.4)   1.55\
                                                                                                                  (0.98--1.77)                                                                   (0.85--1.24)                        (1.23--1.95)

   \<10 years                                  101/580               (17.4)                                       1.63\                  328/580                                      (56.6)     1.22\          220/580     (37.9)   2.45\
                                                                                                                  (1.15--1.75)                                                                   (0.96--1.56)                        (1.86--3.22)

  Marital status                                                                                                                                                                                                                      

   Ever married                                301/2,249             (13.4)                                       Reference              1,229/2,249                                  (54.7)     Reference      599/2,249   (26.6)   Reference

   Never married                               31/218                (14.2)                                       1.44\                  119/218                                      (54.6)     0.90\          52/218      (23.9)   1.28\
                                                                                                                  (0.93--2.24)                                                                   (0.67--1.22)                        (0.90--1.83)

  Living status                                                                                                                                                                                                                       

   Living together                             288/2,193             (13.1)                                       Reference              1,198/2,193                                  (54.6)     Reference      559/2,193   (25.5)   Reference

   Living alone                                44/274                (16.1)                                       1.17\                  150/274                                      (54.7)     1.04\          92/274      (33.6)   1.31\
                                                                                                                  (0.83--1.67)                                                                   (0.80--1.34)                        (0.99--1.72)

  Equivalent household expenditure                                                                                                                                                                                                    

   Upper 4 quintiles                           249/1,984             (12.6)                                       Reference              1,077/1,984                                  (54.3)     Reference      506/1,984   (25.5)   Reference

   Lowest quintile                             83/483                (17.2)                                       1.43\                  271/483                                      (56.1)     1.08\          145/483     (30.0)   1.23\
                                                                                                                  (1.09--1.87)                                                                   (0.89--1.32)                        (0.98--1.53)

                                                                                                                                                                                                                                     

                                                                                                                                                                                                                                     

                                                                                                                                                                                                                                     

                                               Low HDL cholesterol   Arrhythmia                                   Smoking                                                                                                            

                                                                                                                                                                                                                                     

  Number of insufficient knowledge/total (%)   OR\                   Number of insufficient knowledge/total (%)   OR\                    Number of insufficient knowledge/total (%)   OR\                                            
                                               (95% CI)                                                           (95% CI)                                                            (95% CI)                                       

                                                                                                                                                                                                                                     

  Employment status                                                                                                                                                                                                                   

   Employed                                    803/1,293             (62.1)                                       Reference              688/1,293                                    (53.2)     Reference      511/1,293   (39.5)   Reference

   Unemployed                                  720/1,174             (61.3)                                       1.09\                  557/1,174                                    (47.4)     1.03\          515/1,174   (43.9)   1.02\
                                                                                                                  (0.91--1.32)                                                                   (0.85--1.23)                        (0.85--1.23)

  Length of education                                                                                                                                                                                                                 

   ≥13 years                                   481/797               (60.4)                                       Reference              407/797                                      (51.1)     Reference      287/797     (36.0)   Reference

   10--12 years                                658/1,090             (60.4)                                       1.08\                  534/1,090                                    (49.0)     1.10\          447/1,090   (41.0)   1.20\
                                                                                                                  (0.89--1.31)                                                                   (0.91--1.33)                        (0.98--1.46)

   \<10 years                                  384/580               (66.2)                                       1.49\                  304/580                                      (52.4)     1.52\          292/580     (50.3)   1.71\
                                                                                                                  (1.16--1.91)                                                                   (1.19--1.94)                        (1.34--2.19)

  Marital status                                                                                                                                                                                                                      

   Ever married                                1,377/2,249           (61.2)                                       Reference              1,114/2,249                                  (49.5)     Reference      941/2,249   (41.8)   Reference

   Never married                               146/218               (67.0)                                       1.20\                  131/218                                      (60.1)     1.12\          85/218      (39.0)   1.11\
                                                                                                                  (0.87--1.65)                                                                   (0.82--1.52)                        (0.81--1.51)

  Living status                                                                                                                                                                                                                       

   Living together                             1,351/2,193           (61.6)                                       Reference              1,110/2,193                                  (50.6)     Reference      906/2,193   (41.3)   Reference

   Living alone                                172/274               (62.8)                                       1.10\                  135/274                                      (49.3)     1.09\          120/274     (43.8)   1.02\
                                                                                                                  (0.85--1.44)                                                                   (0.84--1.41)                        (0.79--1.32)

  Equivalent household expenditure                                                                                                                                                                                                    

   Upper 4 quintiles                           1,210/1,984           (61.0)                                       Reference              978/1,984                                    (49.3)     Reference      808/1,984   (40.7)   Reference

   Lowest quintile                             313/483               (64.8)                                       1.19\                  267/483                                      (55.3)     1.31\          218/483     (45.1)   1.18\
                                                                                                                  (0.96--1.46)                                                                   (1.07--1.60)                        (0.97--1.45)
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CI, confidence interval; HDL, high-density lipoprotein; OR, odds ratio.

Defined as cardiovascular risk factors of the following criteria: hypertension, diabetes mellitus, hypercholesterolemia, low HDL cholesterol, arrhythmia, and smoking.

Odds ratios were adjusted for age and sex.

Relationships among SES and insufficient knowledge on cardiovascular disease risk factors
-----------------------------------------------------------------------------------------

Table [3](#tbl03){ref-type="table"} and [eTable 3](#sm01){ref-type="supplementary-material"} show the relationships among SES and insufficient knowledge of overall cardiovascular risk factors. Of 2,467 participants, 1,160 (47.0%) had insufficient knowledge of overall cardiovascular risk factors (correct answers of less than 4). A shorter education was associated with a higher frequency of insufficient knowledge on cardiovascular risk factors. Age- and sex-adjusted OR were 1.92 (95% CI, 1.51--2.45) for participants with an education of \<10 years and 1.23 (95% CI, 1.02--1.49) for those with 10--12 years relative to those with ≥13 years. Low EHE was also associated with increased ignorance of cardiovascular risk factors (age- and sex-adjusted OR 1.24; 95% CI, 1.01--1.51). Similar results were also obtained after further adjustments for other risk factors. There were no relationships between the employment status, marital status, living status, or annual household income and insufficient knowledge on cardiovascular risk factors. There were no marked differences in the relationships among SES and insufficient knowledge on cardiovascular risk factors between subgroups defined by age, sex, and the presence of risk factors ([eTable 4](#sm01){ref-type="supplementary-material"}).

###### Frequency and odds ratio for insufficient knowledge on overall cardiovascular risk factors: NIPPON DATA2010

                                     Number of insufficient knowledge^a^/total (%)   Model 1   Model 2     Model 3                                          
  ---------------------------------- ----------------------------------------------- --------- ----------- -------------- ----------- -------------- ------ --------------
  Employment status                                                                                                                                          
   Employed                          615/1,293                                       (47.6)    Reference   Reference      Reference                         
   Unemployed                        545/1,174                                       (46.4)    1.04        (0.86--1.25)   1.11        (0.92--1.34)   1.11   (0.92--1.34)
  Length of education                                                                                                                                        
   ≥13 years                         343/797                                         (43.0)    Reference   Reference      Reference                         
   10--12 years                      500/1,090                                       (45.9)    1.23        (1.02--1.49)   1.22        (1.00--1.48)   1.22   (1.01--1.49)
   \<10 years                        317/580                                         (54.7)    1.92        (1.51--2.45)   1.88        (1.47--2.41)   1.87   (1.46--2.40)
  Marital status                                                                                                                                             
   Ever married                      1,057/2,249                                     (47.0)    Reference   Reference      Reference                         
   Never married                     103/218                                         (47.3)    0.93        (0.68--1.25)   0.95        (0.70--1.30)   0.95   (0.70--1.30)
  Living status                                                                                                                                              
   Living together                   1,027/2,193                                     (46.8)    Reference   Reference      Reference                         
   Living alone                      133/274                                         (48.5)    1.11        (0.86--1.44)   1.13        (0.87--1.46)   1.13   (0.87--1.47)
  Equivalent household expenditure                                                                                                                           
   Upper 4 quintiles                 913/1,984                                       (46.0)    Reference   Reference      Reference                         
   Lowest quintile                   247/483                                         (51.1)    1.24        (1.01--1.51)   1.22        (1.00--1.49)   1.23   (1.00--1.50)

CI, confidence interval; OR, odds ratio.

^a^Defined as the number of correct answers on cardiovascular risk factors \<4.

Model 1 included age and sex.

Model 2 included model 1 plus regular exercise, smoking, weekly alcohol consumption, and body mass index.

Model 3 included model 2 plus hypertension, diabetes mellitus, hypercholesterolemia, low HDL cholesterol, and the type of house (own or rent: in the analysis of equivalent household expenditure only).

Relationships among SES and the number of correct answers
---------------------------------------------------------

Table [4](#tbl04){ref-type="table"} and [eTable 5](#sm01){ref-type="supplementary-material"} show the relationships among SES and the number of correct answers on cardiovascular risk factors. The mean (SD) number of correct answers was 3.52 (1.66). The average number of correct answers was smaller among participants with a shorter education (3.19 for \<10 years and 3.56 for 10--12 years) than those with ≥13 years of education (3.70). Age- and sex-adjusted differences were significant (−0.61 \[95% CI, −0.80 to −0.41\] for \<10 years and −0.19 \[95% CI, −0.35 to −0.03\] for 10--12 years). Low EHE (3.31 for the lowest quintile vs 3.57 for the upper 4 quintiles, difference −0.25 \[95% CI, −0.42 to −0.09\]) was also associated with the number of correct answers. Similar results were obtained after further adjustments for other risk factors. Similar results were also obtained for the outcome of the number of correct answers weighted by the accuracy rate of each cardiovascular risk factor ([eTable 6](#sm01){ref-type="supplementary-material"}). There were no marked differences in the relationships among SES and the number of correct answers between subgroups defined by age, sex, and the presence of risk factors ([eTable 7](#sm01){ref-type="supplementary-material"}).

###### Average number of correct answers on cardiovascular risk factors and differences: NIPPON DATA2010

                                     All participants   Mean (95% CI)       Model 1                  Model 2                  Model 3
  ---------------------------------- ------------------ ------------------- ------------------------ ------------------------ ------------------------
  Employment status                                                                                                            
   Employed                          1,293              3.52 (3.43--3.61)   Reference                Reference                Reference
   Unemployed                        1,174              3.51 (3.42--3.61)   −0.02 (−0.17 to 0.13)    −0.07 (−0.22 to 0.08)    −0.07 (−0.22 to 0.09)
  Length of education                                                                                                          
   ≥13 years                         797                3.70 (3.58--3.81)   Reference                Reference                Reference
   10--12 years                      1,090              3.56 (3.46--3.66)   −0.19 (−0.35 to −0.03)   −0.19 (−0.34 to −0.03)   −0.19 (−0.35 to −0.03)
   \<10 years                        580                3.19 (3.06--3.33)   −0.61 (−0.80 to −0.41)   −0.59 (−0.79 to −0.39)   −0.59 (−0.79 to −0.39)
  Marital status                                                                                                               
   Ever married                      2,249              3.53 (3.45--3.60)   Reference                Reference                Reference
   Never married                     218                3.37 (3.13--3.61)   −0.16 (−0.41 to 0.10)    −0.16 (−0.42 to 0.09)    −0.17 (−0.42 to 0.09)
  Living status                                                                                                                
   Living together                   2,193              3.53 (3.46--3.60)   Reference                Reference                Reference
   Living alone                      274                3.40 (3.20--3.59)   −0.13 (−0.35 to 0.08)    −0.15 (−0.36 to 0.06)    −0.16 (−0.37 to 0.06)
  Equivalent household expenditure                                                                                             
   Upper 4 quintiles                 1,984              3.57 (3.49--3.64)   Reference                Reference                Reference
   Lowest quintile                   483                3.31 (3.17--3.46)   −0.25 (−0.42 to −0.09)   −0.23 (−0.40 to −0.07)   −0.24 (−0.40 to −0.07)

CI, confidence interval.

Model 1 included age and sex.

Model 2 included model 1 plus regular exercise, smoking, weekly alcohol consumption, and body mass index.

Model 3 included model 2 plus hypertension, diabetes mellitus, hypercholesterolemia, low HDL cholesterol, and the type of house (own or rent: in the analysis of equivalent household expenditure only).

DISCUSSION
==========

In the present cross-sectional analysis of a representative Japanese general population, some aspects of SES were found to be associated with insufficient knowledge of cardiovascular risk factors. Participants with a shorter education and those with lower EHE were more likely to be ignorant of most cardiovascular risk factors. Similarly, the number of accurate answers on cardiovascular risk factors was smaller among participants with a shorter education and those with lower EHE. In contrast, the employment status, marital status, and living status were not clearly associated with insufficient knowledge of cardiovascular risk factors.

Previous studies demonstrated that individuals with low SES were more likely to adopt unhealthy behaviors, such as smoking, heavy drinking, and physical inactivity.^[@r06]--[@r08],[@r23]--[@r27]^ In the present study, we found relationships between a short education, low EHE, and insufficient knowledge of cardiovascular risk factors. Therefore, the relationship between low SES and an unhealthy lifestyle may partly be attributable to a lack of knowledge of cardiovascular risk factors. Since accurate knowledge of health has been shown to lead to behavioral modifications towards a healthy lifestyle,^[@r28],[@r29]^ the provision of accurate knowledge of cardiovascular risk factors, with a special focus on individuals with a short education and those with low EHE, may be effective for the primary prevention of cardiovascular disease.

The mechanisms underlying the relationships among SES and insufficient knowledge of cardiovascular risk factors remain unclear. A possible mechanism is that there are limited opportunities to learn about cardiovascular risk factors among individuals with a short education. These individuals may also have limited literacy to clearly understand health information. Additionally, individuals with low EHE or a low household income may not be able to afford health information and knowledge.

Strengths and limitations
-------------------------

To the best of our knowledge, this is the first study to demonstrate relationships among SES and knowledge of cardiovascular risk factors in Japan. The results obtained may be generalizable to all of Japan because the participants were selected from a nationwide survey of a Japanese general population, were older than 20 years, and based on more than 300 randomly selected districts. The present study has some limitations. Since this was a cross-sectional study, a causal relationship between SES and knowledge of cardiovascular risk factors was not clearly defined in the present analysis. A second limitation is the reporting bias on SES because of self-reporting questionnaires. SES may have been affected by the under-reporting of a very high status or over-reporting of a very low status. Furthermore, the results of the present analysis may not be generalizable to other countries in which the education system, lifestyle, and medical system differ from those in Japan.

Conclusion
----------

Individuals with a short education and those with low EHE were more likely to have less knowledge of cardiovascular risk factors. Since a lack of knowledge of cardiovascular risk factors may lead to the adoption of unhealthy behaviors and subsequent increases in cardiovascular risks, health education targeting these individuals may be effective for the primary prevention of cardiovascular diseases.

We deeply appreciate the Japanese Association of Public Health Center Directors and the Japan Medical Association for their support with NIPPON DATA2010's baseline and follow-up survey. We also appreciate Shionogi Co., Ltd. for their support measuring brain natriuretic peptide. We also thank the staffs of the Japanese public health centers and medical examination institutions listed in the Appendix of reference [@r15].

Funding sources: This study was supported by Health and Labour Sciences Research Grants of the Ministry of Health, Labour and Welfare, Japan (Comprehensive Research on Life-Style Related Diseases including Cardiovascular Diseases and Diabetes Mellitus \[H22-Junkankitou-Seishuu-Sitei-017, H25-Junkankitou-Seishuu-Sitei-022\]).

Conflicts of interest: None declared.

APPENDIX A. SUPPLEMENTARY DATA {#sm01}
==============================

The following is the supplementary data related to this article:

eTable 1. Characteristics of study participants by socioeconomic status: NIPPON DATA2010

eTable 2. Frequency and age- and sex-adjusted odds ratios for insufficient knowledge on each cardiovascular risk factor: NIPPON DATA2010

eTable 3. Relationship between annual household income and insufficient knowledge on cardiovascular risk factors: NIPPON DATA2010

eTable 4. Relationships among socioeconomic status and insufficient knowledge on cardiovascular risk factors by age, sex, and the presence of risk factors: NIPPON DATA2010

eTable 5. Relationship between annual household income and the average number of correct cardiovascular risk factors selected by each participant: NIPPON DATA2010

eTable 6. Average number of correct answers weighted by the accuracy rate of each cardiovascular risk factor and adjusted differences: NIPPON DATA2010

eTable 7. Relationships among socioeconomic status and the number of correct answers by age, sex, and the presence of risk factors: NIPPON DATA2010

[^1]: Member of NIPPON DATA2010 Research Group are listed in the Appendix of reference [@r15].
